Introduction: Despite the application of low-level laser therapy (LLLT) in diverse dental procedures, its postoperative effects especially on wound recovery after orthognathic surgery have not been well explored. Therefore, the current study aimed to investigate the effects of 660 nm LLLT on postoperative consequences of orthognathic surgery through a randomized controlled trial. Material and Methods: In this splitmouth, triple-blind randomized controlled trial, 12 patients who needed bimaxillary orthognathic surgery were recruited. After the surgery, one side of their face was irradiated with a diode low-level laser device of 660 nm during 1, 2, 4, and 7 days after the surgery, and the other side of their face was considered as placebo. Later, LLLT outcomes were assessed in terms of swelling, pain, and wound recovery after the surgery. For estimating the swelling, distances between tragicus to corner of mouth, tragicus to pogonion, and gonion to cantus were measured; for pain evaluation, the visual analog scale was used. Recovery of wounds was assessed via two ways of probing wounds depth and appraising their clinical features. Results: Although both LLLT and placebo sides presented a constant reduction of swelling over three postoperative months, the swelling in LLLT sides was significantly lower than placebos during the second and fourth days after the surgery. Regarding the pain, there were no significant differences on either sides of the face, 4 days after the surgery. Wounds probing indicated better recoveries at LLLT sides for both upper and lower jaws, whereas the results of clinical features did not show any significant differences between LLLT and placebo sides. Conclusion: LLLT can effectively accelerate the wound recovery after an orthognathic surgery. Also, it is helpful for postoperative sequelae of orthognathic surgery including swelling and pain.
BACKGROUND
Dentofacial deformity, which mainly affects the jaws and dentition, varies in different races as it depends on genetic and social factors. Patients with severe dentofacial deformity require orthognathic surgery with orthodontic treatment. In orthognathic surgery, the surgeon administers several osteotomies for repositioning the jaw in the right position. [1] [2] [3] Like any invasive surgeries, the orthognathic surgery negatively influences the patients' quality of life and requires some postsurgery solutions to overcome the sequelae such as pain, swelling, nausea, trismus, and functional inability. [4, 5] Some suggested postoperative remedies after orthognathic surgery include pharmacotherapy, kinesiology taping, piezoelectric surgery, and light amplification by stimulated emission of radiation application, of which laser therapy has been introduced as a feasible and effective aid in dental surgeries. [6] [7] [8] Along diverse types of laser therapy, low-level laser therapy (LLLT) with a red or near-infrared light in a narrow spectral width (600-1000 nm) has become a common adjunct treatment in many dental procedures. This popularity of LLLT is partly because of its nonthermal therapeutic effects that prevent the tissue ablation through keeping the target tissue around the same temperature of normal tissues (37°C) [9, 10] and mostly because of its efficacy in pain reduction, local anti-inflammatory management, and wound healing after invasive procedures. This is why the studies in this field did not report any considerable side effects for LLLT have been reported in the literature. [11] [12] [13] [14] LLLT facilitates and shortens the postsurgery wound recovery through stimulating cell proliferation and increasing tissue vessels. [15, 16] It has been indicated that 660 nm LLLT modulates the cellular viability and upregulates the expression of vascular endothelial growth factor in damaged tissues. [17] Although several studies examined the effects of LLLT in dental settings such as orthodontics, [18] [19] [20] [21] implantology, [9, 22, 23] teeth surgery, [24] [25] [26] tooth hypersensitivity, [27] and endodontic surgery, [26] its effects after an orthognathic surgery, especially the wound recovery effects, have not been well explored. [28] Therefore, the current study aimed to investigate the effects of 660 nm LLLT on postoperative wound recovery and sequelae of orthognathic surgery through a randomized controlled trial.
METHODS Patients
In this split-mouth, triple-blind randomized controlled trial, 12 patients aged between 18 and 40 years, who needed bimaxillary orthognathic surgery to correct their dentofacial deformity, were voluntarily recruited from the dentistry clinic of Isfahan Islamic Azad University.
The inclusion criteria were as following: having no facial trauma, oral diseases, or systemic diseases; having no dental or jaws asymmetries; having no requirement of genioplasty in parallel to bimaxillary orthognathic surgery; and being nonsmoker.
Patients were excluded if they had any history of oral cavity and oropharyngeal malignancies or thyroid tumors, were pregnant, had taken the medications which affects wound healing process within at least 6 months before the orthognathic surgery or during the laser therapy, any errors such as bad fracture happened during their orthognathic surgery, got postoperative infection after orthognathic surgery, and showed any allergies to laser therapy.
The study information was provided to each patient before the surgery and they were asked to sign an informed consent before participating in the study. 
Study design
A surgery of bilateral sagittal split osteotomy and Le Fort I osteotomy for repositioning of the maxilla was administered for all patients. For fixing the jaws in defined positions, four L-shaped plates and 16 screws of 7 mm were used for upper jaws and three screws of 13 mm were used for lower jaws. By end of the surgery, the wounds were sutured with 3-0 VICRYL (Supa, Tehran, Iran). Any prescribed medications before, during, and after the surgery (such as antibiotics) were dosed based on patient's weight to keep their effects in the same proportions for all participants. Also, all patients underwent the surgery by the same surgeon at the oral and maxillofacial surgery ward of Kashani Teaching Hospital.
After the orthognathic surgery, one side of patient's face was considered for LLLT and the other side was kept as placebo. For random and equal assignment of facial sides into the study groups, True Random Generator Software, v1.12.2 (ComScire®: The Quantum World Corporation, USA) was occupied.
A 660-nm diode low-level laser device (Hamerz, Tehran, Iran) was used to run the laser therapy sessions. The laser was applied to the surgical incisions on one side of the face (based on the intervention group), 1 cm apart the incised wounds through a forward and backward movement, in the immediate postoperative period at 1, 2, 4, and 7 days after the surgery. The applied laser protocol was as follows: light color = red, wavelength = 660 nm, energy density = 5 J/cm 2 , exposure time = 100 s/point, and laser power = 50 mw. For placebo sides, laser unit was positioned on the same points as LLLT but the laser was not activated. One oral and maxillofacial surgeon (other than the one who performed the surgeries) administered laser therapy sessions for all patients while they all sat in upright position. Both patients and operator were putting intense pulsed light (IPL) laser safety glasses in time laser application, and the patients were under supervision for any side effects of LLLT such as burns or erythema.
The patients were blinded to irradiated and nonirradiated sides of their face. In addition, to ensure blinding, one investigator with no clinical involvement in the study allocated the facial sides into the study groups and another investigator, who was blinded to the study groups, assessed postoperative outcomes. Also, statistical data analyst remained blinded to both patients and laser administrator. By aiming for a confidence level of 95% and 80% power for a crossover trial study, the Pocock formula [29] calculated the sample size as 11 patients. To allow for a dropout rate of 10%, the sample size was increased to 12 samples.
Outcome measurements
Postoperative outcomes were assessed regarding swelling, pain, and wound recovery. The outcomes were first assessed immediately 1 day after the surgery to collect their baseline values.
Swelling size was estimated using the formula of Carrillo et al. [30] Thus, the mean distances between tragicus to corner of mouth, tragicus to pogonion, and gonion to cantus were measured in millimeters using a soft ruler. The swelling measurements were performed by end of each LLLT sessions (1, 2, 4, and 7 days after the surgery) and repeated during 2, 3, 4, 8, and 12 postoperative weeks.
Pain intensity was assessed with visual analog scale [31] during 1, 4, 7, and 14 days after the surgery. For this purpose, the patients were asked to report their pain at each facial sides in a scale of 0 to 10, where 0 referred to absence of pain and 10 presented the maximum level of pain.
Recovery of postsurgery wounds was appraised via two ways. The first way was probing the depth of wounds and the second was assessing their clinical features. In probing way, a periodontal probe (Joya, Iran) was used to measure the mean depth of three points that divided the wound into four equivalent parts. The wounds of upper and lower jaws at each study groups were separately probed over 1, 7, and 14 days after the surgery. For assessing the clinical features of wounds, every surgical wound at right and left parts of each upper and lower jaws were photographed by a camera (Canon, PowerShot G11, Tokyo, Japan), 4 cm apart of commissure of lips, without focus and from a close-up view. The photographs were sent to three oral and maxillofacial surgeons as referees (who were not involved in the study) and were asked to compare the wounds recovery at right versus left sides of upper and lower jaws and vote for the photograph with better recovery features. Thereafter, data formed from their votes were compared for upper and lower jaws separately.
Statistical analyses
Data were analyzed using Stata version 15.1 software. The normality of the distribution of data was evaluated by a onesample Kolmogorov-Smirnov test. Baseline measurements were compared using independent Student t test and MannWhitney U test for normal and unnormal variables, respectively. For comparison of data between measurements and identify any differences between the study groups, data were adjusted for baseline measurements through analysis of covariance (ANCOVA) analysis. For unnormal variables, ANCOVA analysis was performed after logarithmic transformation. P values of <0.05 were considered to be statistically significant. Descriptive statistics were reported as mean (standard deviation) for normal data and geometric mean (confidence interval) for unnormal data.
RESULTS

Participants
A total of seven female and five male patients with a mean age of 28.7 ± 6.1 years underwent the bimaxillary orthognathic surgery. The mean duration of the surgeries was 122 ± 1.3 minutes. Thereafter, all patients took part in LLLT sessions regularly with no exclusions [ Figure 1 ]. No adverse effects or symptoms following the surgery or LLLT was observed in study patients.
Baseline characteristics
With respect to split-mouth design of study, baseline characteristics of the participants were out of consideration, but regarding baseline measurements, there were no significant differences between LLLT and placebo groups in swelling [ Table 1], pain [Table 2 ], probing of upper and lower jaws [ Table 3 ], and clinical features of upper and lower jaws [ Table 4 ].
Efficacy Swelling
The average measures of swelling for placebo and LLLT groups are presented in Table 1 . Although both the groups presented the highest amounts of swelling over the second postoperative day, their swelling kept a constant reduction over the time and ended up with the lowest amounts over the third postoperative month [ Figure 2 ]. The differences between the groups showed up during the second (P < 0.05) and fourth (P < 0.05) days after the surgery, where the swelling was significantly lower in LLLT group compared to placebo for around 1 mm. Other swelling measurements did not demonstrate any significant differences between the two groups [ Table 1 ].
Pain
Pain assessments did not reveal any differences between irradiated and nonirradiated groups, but during the fourth (P < 0.05) postsurgery day [ Table 2 ].
Wound recovery
Wounds probing indicated significant differences over the first (P < 0.05) and second (P < 0.05) postsurgery weeks between the study groups. The LLLT group presented better recovery of wounds in both upper and lower jaws [ Table 3 ], whereas the results of clinical features did not show any significant differences between the groups [ Table 4 ].
DISCUSSION
The growing interest in using LLLT as a supplement of dental procedures is based on providing an improved treatment with minimally pain for patients. There is a great need for postsurgical management protocols that could increase the comfort and general health after orthognathic surgery. Although controlling the postoperative consequences such as pain and swelling is needed to make the patients comfortable, any progress in wound recovery can improve their general health. However, there is insufficient evidence in the literature for effectiveness of LLLT in improving the postoperative consequents, it has been introduced as a new approach toward the managing of postoperative process in dental settings. [5, 28] In the current study, we assessed the LLLT effects on improving the consequents after orthognathic surgery.
Our measurements over recovery of surgical wounds yield that LLLT can effectively accelerate the wounds recovery at both upper and lower jaws after orthognathic surgery.
Although the evidence for wounds recovery has been provided by probing the depth of wounds, the clinical features of wounds did not present any advantages for LLLT. Ozcelik et al. [32] also indicated that LLLT has a positive effect on epithelization and wound healing after gingivectomy and gingivoplasty surgeries.
It is assumed that the LLLT at a specific wavelength results in biostimulation or the biomodulation effects that can alter the cellular behavior. In detail, LLLT effects the cellular mitochondrial respiratory chain or membrane calcium channels that causes an increase in cell metabolism and proliferation through facilitating fibroblast and keratinocyte cell motility, collagen synthesis, angiogenesis, and growth factor release; this process finally leads to an improvement in wound healing. [11, 32] Wagner et al. [33] studied the effect of LLLT on cytokine and angiogenesis levels in oral wounds and demonstrated that photobiomodulation can regulate the cytokine level that increases the angiogenesis level and improves the healing process of oral wounds.
Regarding the sequelae after orthognathic surgery, we observed that the average amounts of swelling in both the groups constantly reduced over the time, but the swelling size in LLLT group was significantly lower than placebo only during the second and fourth days after the surgery. Since it has been reported that 50% of facial swelling resolves within the first 3 weeks after orthognathic surgery, [4] the positive effects of LLLT during the preliminary postoperative days are much expected than long-term periods; although other swelling measurements especially the long term did not show a considerable difference between the two groups in our study, the swellings in LLLT sides showed a faster reduction of around 1 mm compared at preliminary postoperative days. On the other hand, our findings indicated that LLLT can accelerate the early-term swelling resolve in patients who underwent an orthognathic surgery. Albertini et al. [34] also showed that LLLT (660 nm) can effectively decrease the edema formation and inflammatory cell migration. In parallel, Gasperini et al. [28] indicated that LLLT has significant anti-inflammatory actions that lead to a reduction in swelling and pain after an orthognathic surgery.
In the current study, while the levels of patients' pain were assessed over 2 weeks after the orthognathic surgery, the patients only reported a significant lower pain at LLLT facial side during the fourth postoperative day. It has been reported that pain intensity is more controllable during the preliminary days after the injury when the injury is in inflammatory phase. Also, it has been observed that as the tissue keeps processing in recovery, the pain level decreases. [12] The significant reduction of swelling and faster wound recovery over the first postoperative week would be the potential sources of pain management in our patients during the preliminary days after the orthognathic surgery.Although our findings regarding the reduction of swelling and pain after LLLT were at the same direction of results that were published by several dentistry studies, [6, 30, 35, 36] Roynesdal et al. [37] reported that LLLT has no effect on postoperative reduction of swelling or pain after third molar surgery; also D'ávila et al., [38] who administered the LLLT after orthognathic surgery, confirmed the reduction in pain levels while rejected any positive effects of LLLT on swelling. [38] Since the ideal LLLT protocol for managing the consequences of orthognathic surgery has not yet been developed, [12] the variations in LLLT protocol at different studies could be the source of different findings between them.
Despite the strengths of the current study in terms of parallel assessment of LLLT outcomes in a period of 3 months after the orthognathic surgery, it limited the sample for the 18 to 40 years' age group that made the elderlies, who more sensitive to pain and more resident to wound healing, out of consideration; thus, further studies are suggested to investigate the effects of LLLT on postoperative outcomes of orthognathic surgery in elderlies. Also, comparing the wound recovery outcomes between 660 and 810 nm LLLTs may lead to a better LLLT protocol after a orthognathic surgery.
CONCLUSION
The current study assessed the effects of LLLT (660 nm) on postoperative outcomes of orthognathic surgery including wound recovery, swelling, and pain. The results indicated that LLLT can effectively accelerate the wounds recovery at both upper and lower jaws over 2 weeks after an orthognathic surgery. Also, LLLT is helpful for postoperative swelling and pain over 2 to 4 days and 4 days, respectively, after the orthognathic surgery.
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